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A study on the effect of the solar ultra-violet radiation on the human skin ﬁbroblast cells revealed that
the production of matrix metalloproteinase-2 was inhibited by the radiation. A CO2 incubator connected
by optical ﬁbers to a reﬂector telescope for collecting the solar light was built at Syowa station by the
49th Japanese Antarctica Research Expedition. The direction of the telescope was continuously controlled
by a sun-tracker to follow the movement of the Sun automatically. The intensity of the collected light was
monitored by a portable spectrophotometer housed inside. The human skin ﬁbroblast cells were incu-
bated in the CO2 chamber to investigate the effect of the solar radiation at Syowa station and were
compared with those reference experiments at a laboratory in Japan. The results showed cell damage by
strong UV radiation. The production of matrix metalloproteinase-2 was prompted by the moderate UV-B,
but was inhibited by the strong UV-B radiation, as studied under laboratory conditions in Japan. The
effect of strong solar radiation at Syowa station involving the radiation of UV-B region was estimated to
be of the same extent of the radiation caused by an artiﬁcial UV-B light with the intensity more than
50 mJ/cm2.
 2012, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
The ozone hole has appeared at the beginning of 1980’s over
Antarctica during every spring in the Southern Hemisphere, due to
the accumulated Freon gasses, which have been released into the
atmosphere through various human activities (Chubachi, 1984;
Farman et al., 1985; Stolarski et al., 1986). The low concentration of
ozone gas in the ozone layer of this hole permits the penetration ofamoto).
of Geosciences (Beijing).
sevier
sity of Geosciences (Beijing) and Pmore solar ultra-violet radiation in shorter wavelength (so called
UV-B) than before the appearance of the hole. The edge of the hole
spreads over and reaches the southern parts of Australian conti-
nent, New Zealand, and South American continent, posing health
hazards. The effects induced by the increased UV radiation include
sunburn, skin keratosis, skin cancer, inﬂammation of the cornea,
cataract etc (Longstreth et al., 1998; Abarca et al., 2002; Gallagher
and Lee, 2006; MacKie, 2006).
The effects of increased UV radiation appearmost prominently in
Antarctica (Olsen, 2002) which can be studied by some indicative
biological tissues, exposed to the outside of human body. We there-
fore investigated the effects of solar UV radiation at Syowa station in
Antarctica on the ophthalmic proteins, collagen of bovine cornea and
crystalline of bovine lens, by spectroscopic techniques. The FT-IR and
Raman spectroscopy made it clear that the solar UV radiation in
Antarctica caused the breakdown of collagen of in the bovine cornea
(Yamamoto et al., 2010a) and the denaturation of crystalline of in the
bovine lens (Yamamoto et al., 2010b). The amide II infrared band, dueeking University. Production and hosting by Elsevier B.V. All rights reserved.
Figure 1. Schematic drawing for the CO2 incubator combined with a reﬂector tele-
scope controlled by a sun-tracker. The photo for the reﬂector telescope is shown as an
inset.
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by four-week exposure to the solar radiation at Syowa station in
summer, while that of the amide I remained unchanged. This result
showed the breakdown of the peptide bonds of collagen molecules
occurred by the solar UV radiation. The extent of the breakdown of
the collagen molecules was estimated to be the same as when they
were exposed the typical artiﬁcial UV light for the same time length
(Yamamoto et al., 2010a). The tryptophan residues of crystalline, the
main constructing protein of lens, were selectively decomposed by
the absorption of the strong solar radiation. This caused some
yellowish decomposed compound that emitted strong ﬂuorescence
from the samples. Near infrared Raman, which is free from the
interference by the ﬂuorescence, made it clear that other aromatic
amino acid residues, phenylalanine and tyrosine, were not decom-
posed at all (Yamamoto et al., 2010b). The overall change in the
structure of the lenswas very similar to that of cataract. However, the
mechanism for the conformational change of the crystalline by UV
radiationwas totallydifferent fromthatoccurring in thecaseof senile
cataract, which is caused by the oxidative bridging formation of the
SH groups between two cysteine residues to generate the inhomo-
geneous refraction index (Ozaki et al., 1987; Harding, 2002). The
above-mentioned results suggest that the serious effects may be
caused on human tissues as by UV radiation in Antarctica. We plan-
ned to estimate the increased effects of UV radiation in Antarctica
using the living cells of human dermal cells, or the ﬁbroblast cells.
Human skin covers our body to control our body temperature, to
maintain the balance of water and electrolyte, to perceive various
stimuli and many other important functions. Among such func-
tions, the skin works as the barrier against the harmful short-
wavelength solar radiation. It is widely known that the solar UV
radiation that causes photoaging of human skins (Laurent et al.,
1998; Roy et al., 1998; Wlascheck et al., 2001). The effect on
human skin, due to solar UV radiation, results in the accumulation
of the photo-oxidative damage, brought about by photochemical
reactions during the continuous exposure to the solar light. The
general change in the dermal structure appears, for example, as
wrinkles with aging. The wrinkles are formed by the breakdown of
the collagen molecules to result in the formation of intermolecular
bridging structures between adjacent collagen molecules by the
action of reactive oxygen species (ROS). The effects of solar UV
radiation can be estimated by the increased secretions from various
dermal cells (Laurent et al., 1998).
From surface to depth, the skin is composed of three layers,
epidermis, dermis and hypodermis (Ross et al., 1995). Skin cells
produce metabolic compounds, called matrix metalloproteinases
(MMPs), as a response to various stimulations. MMPs are collective
terms for such enzymes that breakdown extra-cellular matrixes
(Miyazaki et al., 1990; Massova et al., 1998; Koivunen et al., 1999;
Bergers et al., 2000). They were ﬁrst found during 1960’s, and at
least 28 types have been reported to date (Nagase and Woessner,
1999). Against the stimulation by the strong UV radiation on
skins, MMP-2 and MMP-9 play important roles. They form a type of
gelatinases to breakdown damaged and fragmented collagen
molecules and repair them (Fisher et al., 1997), and are mainly
produced by keratinocytes in the epidermis and ﬁbroblast cells in
the dermis of skin.
The ﬁbroblast cells were chosen for the present study, since they
are easy to handle and to transport from our laboratory in Japan to
Antarctica and vice versa. We have designed special equipments for
the incubation of ﬁbroblast cells and introduction of the solar UV
radiation into the incubator set in a building of the Syowa station at
Antarctica. This article describes our attempt to study the effects of
the UV radiation on the human ﬁbroblast cells. The effects were
studied by the combination of an optical observation by a micro-
scope and a zymographic technique (Hattori et al., 2002). Thezymographic technique was used to estimate the production of
MMPs by the cells in response to the exposure to the UV radiation.2. Experimental methods
2.1. Construction of a CO2 incubator combined with a reﬂector
telescope controlled by a sun-tracker
A specialized CO2 incubator was designed for the purpose of
incubation of human skin ﬁbroblast cells in a room in the building
of Environmental Science Laboratory at Syowa station. A schematic
drawing for this system is shown in Fig. 1. The solar radiation was
collected with a reﬂector telescope built on the roof of the building.
The direction of the telescope was continuously controlled by
a sun-tracker to collect the solar light effectively (Fig. 1 inset). The
collected solar light was introduced into the laboratory room in the
building via seven optical ﬁbers. They were bundled together at the
position of the eyepiece of the telescope. The optical ﬁbers transmit
more than 80% of the collected UV light at the wavelength longer
than 280 nm. Six of them were used for introducing the collected
light into the CO2 incubator (Fig. 2 left).
Each terminal of the optical ﬁbers was connected to an elec-
tromagnetic shutter, which were designed to open and close
manually by a switch set at the front panel of the CO2 incubator
(Fig. 2 right). This treatment was done for avoiding the danger of
exposing operators to strong solar UV radiation. The light intro-
duced from outside was radiated on the six four-well micro plates
in the CO2 incubator at the desired length of time by using elec-
tromagnetic shutters.
One of the seven optical ﬁbers was separated from the others
and was connected to a portable spectrophotometer for the
purpose of monitoring the intensity of solar UV radiation. The
intensity of the solar radiation was monitored by a commercially
available program “Spectra Suite”, distributed by the maker of the
spectrophotometer. The names and the corresponding model
Figure 2. Right: overview photograph for the CO2 incubator set in the room of the Environmental Science Laboratory building. Left: overview photograph showing inside of the CO2
incubator equipped with six electromagnetic shutter and six four-well micro plates.
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system are listed in Table 1.
2.2. The monitored intensity of solar UV radiation
The solar radiation in the UV-B regionwas constantly monitored
every hour by another portable spectrophotometer built at 2007,
which was not controlled by a sun-tracker. The spectrophotometer
gave time-dependent spectral change in intensity as typically
shown in Fig. 3. The spectra were observed on 31st Oct., 2007. The
results show circadian intensity changes of the solar radiation
suggesting that the solar radiation can be correctly monitored by
the system. The intensity became gradually stronger with
proceeding time till noon and gradually became weaker in the
afternoon. Fig. 3 also shows that the UV-B radiation up to 295 nm
wavelength was observed with a meaningful intensity at the early
spring at Syowa station.
2.3. The exposure of human skin ﬁbroblast cells for UV radiation
2.3.1. The preparation of culture media
2.3.1.1. Samples. The human skin ﬁbroblast cells, HFF-11, were
kindly provided by Dr. Hattori, the center president of Nippi
Research Institute of Biomatrix. DMEM culture medium was
purchased from Wako Chemical Co., and FBS (Fetal bovine serum)
and Penicillin/Streptomycin were purchased from JHB Bisosciences
Co. and Cambrex BioScience Co., respectively. Dulbecco’s PBS()
powder was purchased from Nissui pharmaceutical Co. Other
reagents used for the culture of the cells were all special grade. TheyTable 1
The construction of CO2 incubator system equipped with a reﬂector telescope
controlled by the sun-tracker.
The name of component Maker/ Model number
CO2 incubator ASTEC Co./Air jacket type CO2 incubator
Reﬂector telescope Vixen/R150S Newtonian reﬂector telescope
Sun-tracker Prede Co./Sun tracker ASTX-1
Portable
spectrophotometer
Ocean optics/USB4000, 3648 element Si-CCD
Multi-channel spectrophotometer
Grating type: #2; 250e800 nm, slit: 50 mm
Optical ﬁber Ocean optics/ QP200-2-UV/VIS 400 um4
Electromagnetic shutter Nidec COPAL/Electromagnetic shutter: EC-598,
Controlling ampliﬁer: EN-609
Controlling system Ocean optics/“Spectra Suite” softwarewere purchased from Wako Chemicals Co. and used without
further puriﬁcation.
2.3.1.2. Cultivate medium with FBS (DMEM(þ)). The culture
medium for ﬁbroblast cells (DMEM(þ)) was prepared by mixing
DMEM (440 mL), FBS (50 mL) and Penicillin/Streptomycin (10 mL)
followed by ﬁlter-sterilization.
2.3.1.3. Cleaning solution for repeated-cultivation (PBS()). The
cleaning solution for repeated cultivation of the cells was prepared
by dissolving 9.6 g of Dulbecco’s PBS() powder into 1 L of distilled
water followed by autoclave sterilization. Thus prepared PBS()
was used for washing well plates in the operation of exchanging
medium.
2.3.1.4. Culture medium for the UV exposure treatment (FBS(þ)). In
order to avoid the contamination of MMP, originally dissolved in
FBS, the procedure of exposing the cells to the UV radiation was
done under phosphate buffer with Ca2þ and Mg2þ, FBS(þ). FBS(þ)
was prepared by adding 0.2 g for each of MgCl2 and CaCl2 in 1 L of
FBS().Figure 3. The circadian change of the solar intensity observed on 31st Oct., 2007.
Figure 4. Schematic set up for UV exposure experiments by the solar radiation at
Syowa station (A), and by the artiﬁcial UV light at laboratory (B).
T. Yamamoto et al. / Geoscience Frontiers 4 (2013) 647e6536502.3.2. Waking up of preserved cells and the conﬁrmation of
conﬂuent condition
The human skin ﬁbroblast cells were preserved in liquid
nitrogen in microtubes and were transported to Syowa station by
the icebreaker Shirase. They were brought into the building of
Environmental Science Laboratory and were woken up by the
following procedures.
The microtube was taken out from liquid nitrogen and was
incubated at 37 C for several minutes to wake up the cells. All of
the cells were transferred from the microtube into a falcon tube of
15 mL, in which 3 mL DMEM(þ) was preliminary set in. The tube
was then centrifuged at 1000 rpm to collect the cells as precipitates.
The mediumwas totally removed and new 5mL DMEM(þ) was put
in the tube, and the medium was agitated well. Each 500 mL of the
medium containing the cells was moved to individual wells for the
plates. The plate was incubated in a CO2 incubator until the cells
became stable, i.e. conﬂuent condition. Normally, it took three days
for the cells to reach the conﬂuent condition.
2.3.3. The procedure of UV exposure
The DMEM(þ) was totally removed from a plate after conﬁrm-
ing the conﬂuent condition of the cells followed by the addition of
500 mL PBS(þ) into the plate. The plate was moved in the CO2
incubator and was set immediately under one of the electromag-
netic shutter as shown in Fig. 2. The shutter was opened to intro-
duce the solar radiation from out of the building into the plate. The
exposure time was set so that the total energy of the solar radiation
became about 10 mJ/cm2 in the UV-B region. The strength of the
solar radiation was estimated by one of the seven optical ﬁbers,
connected to a portable spectrophotometer. The light intensity was
counted by the controlling software. The light counts were cali-
brated by the light intensity preliminary observed by a hand-held
photometer. The intensity of the solar radiation was counted at
three different wavelengths, 280, 320, and 340 nm. The intensities
at three wavelengths obtained by the handy photometer were
compared with the count given by this software in the laboratory.
This comparison permitted us to estimate the integrated average
solar radiation in the UV-B region. At the cumulated time of 5 ms,
the 30,000 counts by this software correspond to 15 min exposure
to the solar radiation with 10 mJ/cm2. The schematic set up for this
operation is shown in Fig. 4A. One of the four wells of a microplate
was used for the exposure to the solar radiation, because the
distribution area of the solar light just ﬁts that of the size for one
well of a four-well microplate. The experiments were performed
repeatedly on 25th, 26th, 27th, 28th, 29th, 30th, 31st of Dec. 2007,
and 1st of Jan. 2008. The experiments in the spring and fall season
could not be performed because of the limitations in the schedule
of the summer operation of JARE 49.
Apart from the experiment detailed above, the exposure for the
artiﬁcial UV light source was performed using the set up as
depicted in Fig. 4B. This reference experiment was performed at the
laboratory in Shimane University to evaluate the experiment using
solar radiation at Syowa station. The ﬁbroblast cells were cultured
by normal size culture plates with 100 mm diameter in the same
manner as mentioned above. After conﬁrming the conﬂuent
condition, the ﬁbroblast cells were subjected to the exposure to
UV-B of an artiﬁcial lamp. The artiﬁcial lamp used in this study gave
the intensity maximum at about 340 nm (UV-A region). However, it
has a broad and enough intensity between 280 and 320 nm (UV-B
region). The overall pattern of the artiﬁcial lamp was sufﬁciently
distributed and can be regarded as the model light of the solar
radiation in the UV-B region. This fact suggests that the comparison
with the solar radiation in the region of UV-B is meaningful. The
intensity of the UV light was changed from 10, 20, 30, 50 mJ/cm2.
The weakest intensity was set as to adjust to that for the UB-Vintensity at Syowa station. After UV exposure, the production of
MMP by the cultured cells was evaluated (see below).
2.3.4. The collection of MMP
After exposure to the solar radiation with an appropriate length
of time, the PBS(þ) mediumwas fully retrieved from the plate. The
plate was then ﬁlled with DMEM medium without FBS or
DMEM() and incubated in a CO2 incubator for one day to prompt
the production of MMP from the cells. After incubation, the
DMEM() was retrieved in an Eppendorf tube. The tubes were
stocked in a liquid nitrogen tank and were transported back to
Japan by the icebreaker Shirase, to analyze at a laboratory in Japan.
2.3.5. The detection of MMP by means of gelatin zymography
technique
The detection of MMP was performed by gelatin zymography
method (Hattori et al., 2002). The method is based on the catalytic
activity of MMP-2 and 9 to breakdown the injured collagen mole-
cules, or gelatin molecules, to the fragments of peptides. When
a small amount of gelatin is mixed together with acrylamide gels to
perform electrophoresis measurements, the gelatinmolecule of the
electrophoresis gel is broken down to make negative bands corre-
sponding to the molecular weight of MMP-2 and 9. The acrylamide
gels for electrophoresis measurements were normally prepared as
to include several percentages of gelatin together.
Figure 5. The intensity distribution for the solar intensity observed at the noon of
22nd Oct., 2007 (Green), 22nd Dec., 2007 (Red), 26th Feb., 2008 (Blue). The weather
was ﬁne these three days. The peak intensities for three days are normalized for the
convenience. The intensities for the inset for the same three days are not normalized to
show that the solar intensity at spring (Green) is stronger than that at summer (Red).
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with electrophoresis buffer solution of 10 times diluted Tris/
Glycine/SDS buffer, and was applied for the electrophoresis
procedure. The sample solutions for MMP assay measurement with
standard MMP reference samples were put in the wells of the
electrophoresis equipment. The catalytic activity of MMPs was
inactivated at this point by the adjustment of pH. The voltage of
100 V was continuously applied to the electrophoresis tank until
the bottom line of the band reached to the 5 cm above the end. The
gel plate was removed from the electrophoresis tank and was
washed with a wash buffer. Then the gel plate was incubated with
an incubation buffer to activate MMPs. The gelatin molecules
involved in the bands of MMPs were broken down. The area of
electrophoresed MMPs appeared negative bands when the gel was
stained with Coomassie Brilliant Blue R-250.
2.3.6. The morphological observation of human skin ﬁbroblast cells
The human skin ﬁbroblast cells were observed with an
OLYMPUS inverted optical microscope CKKX1. The photographs
were taken with an OLYMPUS digital camera.
3. Results and discussion
3.1. The solar radiation observed at the Environmental Science
Laboratory
An optical ﬁber ﬁxed at the ﬂoor of the building of Environ-
mental Science Laboratory, without control of the direction of the
sensor to the direction of the Sun, was used for the observation of
the circadian change of the solar intensity. Fig. 3 shows recorded
circadian changes in the solar radiation spectra for the region in
UV-B on 31st Oct., 2007. This ﬁgure indicates that the intensity
becomes stronger in accordance with the increase in the altitude of
the Sun as expected. The intensity quickly increased with time to
become maximum at noon and decreased again with the lowering
of the altitude of the Sun. It can be easily found that the consid-
erable intensity of UV-B radiation (maximum intensity of the solar
radiation at this day was about 50,000 counts at 510 nm) was
detected especially when the Sun was at high altitude (Japan
metrological agency, 2006).
After conﬁrming that the intensity of the solar radiation can
be fairly recorded, the seasonal modulation of the solar radiation
was compared by this set up. The solar radiation spectra
observed at spring (Green; 22nd Oct., 2007), summer (Red; 22nd
Dec., 2007) and fall (Blue; 26th Feb., 2008) are shown in Fig. 5.
The weather was ﬁne for the three days. For the convenience of
the comparison of the overall spectral pattern, the peak intensity
was set the same for the three main spectra, with an inset
showing the intensity in the UV-B region without normalization.
The spring spectrum in Fig. 5 corresponds to the time for the
appearance of the ozone hole. The fall spectrum was recorded on
a day with roughly the same altitude of the Sun as the spring. The
intensity in the spectrum in the summer is stronger than that of
fall in shorter wavelength than 500 nm, and weaker in longer
wavelength than 500 nm. It is interesting to note that the spec-
tral pattern for the spring is very similar to that recorded in
summer, although the intensity for the summer is slightly
stronger than that for spring in the wavelength shorter than
500 nm. The important point in the seasonal modulation of the
solar radiation is that the intensity in the region of UV-B is
strongest in spring as shown in the inset of Fig. 5, as a result of
the appearance of the ozone hole. Although we could perform
experiments only in summer, the effect of UV-B on the human
ﬁbroblast cells could be estimated to some extent by the strong
UV-B intensity in summer as shown in Fig. 5.3.2. The effect of solar radiation at Syowa station on the human
skin ﬁbroblast cells
The human skin ﬁbroblast cells in a typical conﬂuent condition
are shown in Fig. 6F. The cells grow to spread over the bottom of the
culture plate in three days and get into a stable condition. Fig. 6A
represents one of such conﬂuent ﬁbroblast cells in the medium of
DMEM(þ) before UV exposure at Syowa station. After changing the
medium to PBS(þ), the cells were subjected to the solar radiation
by the method described in the Experimental section. The
morphologically conﬂuent state of the cells was conﬁrmed as
shown in Fig. 6B. After exposure to the solar radiation for the time
interval determined by the counts for the solar radiation, the cells
still looked conﬂuent (Fig. 6C), and the cells were then taken up
evenly from the bottom of the microplate by trypsin (Fig. 6D). The
cells were transferred to another microplate with the PBS(þ)
medium and cultured again for one day to wait for the production
of MMP by the cells. However, in ﬁve of 20 samples, the cells
detached from the bottom of the plate to ﬂoat in themedium and to
form globular structures after the exposure to the solar radiation
before trypsin treatment. When the cells showed this kind of
behavior, such cells quickly collapsed into ﬁgureless clusters, sug-
gesting that they are dying. This result suggests that the ﬁbroblast
cells were severely damaged by the strong solar radiation at Syowa
station. The death of the cells in the ﬁve examples may be due to
the sudden increase of the solar UV radiation, because the exposure
time to the solar radiation was determined by the averaged initial
intensity before the exposure. It is possible that the Sun was
covered with thin clouds at the initial time, and the clouds moved
away within the time of exposure to increase the solar intensity
irradiated to the cells. In such cases, the length of the exposure time
became too long than the initial estimation. The death of the cells in
the ﬁve examples may be due to the above reason.
For the cells exposed to the solar radiation at Syowa station, clear
negative bands corresponding to the MMP were not obtained by the
zymography experiments. Some possibilities can be speculated as
follows; the MMP extract samples were damaged during the trans-
port by the icebreaker Shirase back to Japan. The strong welter of
Shirase caused by ocean storms and charging operation to break ice
Figure 6. Microscope photographs of the ﬁbroblast cells used for the UV exposure experiments in the Environmental Science Laboratory building at Syowa station. A: before UV
exposure (in DMEMþ), B: before UV exposure (medium was changed to PBS(þ)), C: after UV exposure, D: after trypsin treatment, E: after UV exposure (dead cells), F: Typical
conﬂuent cells (for reference).
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back to Japan. The MMP concentration was too low compared to the
sensitivity of zymographic technique, or the production of MMPwas
inhibited by the effect of UV exposure. The authors could not get any
clear negative bands due to the production of MMP. The results were
not shown together with those by artiﬁcial UV lamps, consequently.
This result is discussed together with the results for the reference
experiments by an artiﬁcial UV light.
3.3. The effect of exposure to the artiﬁcial UV-B on the ﬁbroblast
cells
When the artiﬁcial UV-B light was radiated with the intensity of
10, 20, 30 and 50mJ/cm2, the MMP extract from the PBS(þ) medium
for the ﬁbroblast cells gave negative bands as shown in Fig. 7. Clear
negative bands can be distinguished for the control (lane 4), 10 mJ/
cm2 exposure (lane 5) and 20 mJ/cm2 exposure (lane 6) at the cor-
responding position to the band of standardMMP-2 shown in lane 2.
The negative bands did not appear for the UV-B intensity for 30 mJ/
cm2 (lane 7) and 50 mJ/cm2 (lane 8). The intensity of the negative
bands was strongest for the 10 mJ/cm2 exposure in most cases, and
the intensities of the bands for the reference and 20mJ/cm2 exposure
were almost the same. This result can be interpreted that theexposure toUV-B light prompted theproductionofMMPatmoderate
intensity, 10 mJ/cm2, but inhibited at stronger intensity than 30 mJ/
cm2.When the intensity of UV-B lightwas set larger than100mJ/cm2,
the cells were damaged by the UV-B light to be killed. It is difﬁcult to
compare this result to that caused by the UV lamp damage on our
skin, because most of the UV radiation is absorbed by the epidermis
and little light gets to the ﬁbroblasts in the dermis. However it is
possible to estimate this result with the commercially available
normal UV-lamp with the power of 20 W. The average UV power in
the range of the UV-B region is about several mJ/cm2. It is 10 times
weaker comparedwith the results obtained by the present study, and
the normal UV-lamp quite unlikely gives serious damage on our skin.
Combined with the results for the exposure to the solar radiation
at Syowa station, the strong UV radiation at Syowa station may have
inhibited the production of MMP by the human skin ﬁbroblast cells.
This consideration also matches with the fact that some cell samples
died after the exposure to the solar radiation at Syowa station.
However, we have to also consider the intensity of UV-B region that
was adjusted to 10 mJ/cm2. This intensity is just the same as that
performed with an artiﬁcial UV light, and should be too weak to kill
the cells. The discrepancy in the results are probably because the
intensity was estimated by the intensity in the UV-B region, i.e. the
total intensity of solar radiationwas further stronger than this value.
Figure 7. The gel plate of the electrophoresis for the PBS(þ) after incubation of 24 h after artiﬁcial exposure experiment; lane 1: molecular weight marker, lane 2: MMP-2 standard,
lane 3: MMP-9 standard, lane 4: control (without UV exposure), lane 5: UV exposure (10 mJ/cm2), lane 6: UV exposure (20 mJ/cm2), lane 7: UV exposure (30 mJ/cm2), lane 8: UV
exposure (50 mJ/cm2).
T. Yamamoto et al. / Geoscience Frontiers 4 (2013) 647e653 653The overall intensity of the solar radiation longer than 320 nm has
probably brought about the death of the cells. We hence conclude
that the damage given to the human skin ﬁbroblast cells is the same
as that given by the artiﬁcial UV light with more than 50 mJ/cm2.
In our continuing investigation, we propose to study the effect
of the solar radiation in spring and fall on the human skin ﬁbroblast
cells with this CO2 incubator system equipped with a reﬂector
telescope controlled by a sun-tracker. The comparison with the
results obtained by the exposure to the solar radiation in summer
with those obtained at spring and fall will give us more information
of the effect of UV radiation on the human skin ﬁbroblast cells.4. Conclusion
The effect of the UV radiation on the human skin ﬁbroblast cells
were studied at Syowa station by the 49th JapanAntarctica Research
Expedition team to investigate whether or not the production of
MMP-2 was affected by UV radiation. We have developed a CO2
incubator connected by optical ﬁbers to a reﬂector telescope that
collects the solar light. The effect of the solar radiation on human
skin ﬁbroblast cells at Syowa station was compared with reference
experiments in a laboratory in Japan. The results showed that the
strong UV radiation severely damaged the cells. The production of
MMP-2 was prompted by the moderate UV-B, but was inhibited by
the strong UV-B radiation, as studied in the laboratory condition in
Japan. The effect of strong solar radiation at Syowa station in
Antarctica involving the radiation of UV-B region was estimated to
be the same extent as that obtained by the radiation by an artiﬁcial
UV-B light with the intensity more than 50 mJ/cm2.Acknowledgments
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